In vitro read-through of phenylalanine hydroxylase (PAH) nonsense mutations using aminoglycosides: a potential therapy for phenylketonuria.
Phenylketonuria (PKU, OMIM 261600) is an autosomal recessive inborn error of phenylalanine metabolism, predominantly caused by mutations in the phenylalanine hydroxylase (PAH) gene. Approximately 10% of patients carry a nonsense mutation, which results in an inactive or unstable truncated protein. In some genetic disorders, including cystic fibrosis and Duchenne muscular dystrophy, restoration of full-length protein has been achieved by aminoglycoside antibiotics, such as gentamicin and G-418 (Geneticin). More recently, nonsense read-through has been induced at greater rates using a non-aminoglycoside drug, PTC124 (Ataluren), which has the advantage of being non-toxic in contrast to the antibiotics. The efficacy of read-through induced by three compounds, aminoglycosides G418 and gentamicin, and PTC124 were evaluated for four nonsense mutations of PAH in an in vitro expression system in two mammalian cell lines (COS-7 and HEK293). The production of full-length PAH was investigated using western blotting and the functionality confirmed by enzyme activity. Gentamicin and G-418 induced read-through of nonsense PAH mutations in HEK293 cells. The read-through product partially restored enzymatic activity, which was significantly less than that of wild-type, but comparable to a missense mutation of PAH associated with less severe forms of PKU. Treatment with PTC124 up to 100 μM did not result in full-length PAH polypeptide. Nonsense read-through drugs are a potential form of treatment for PKU, although the high dosage of aminoglycosides used is not appropriate in a clinical setting. In vitro studies with new non-toxic read-through agents as well as in vivo studies would also be essential to determine the extent of read-through required to restore normal phenylalanine levels.